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ABSTRACTED -PUB -NO: JP2 0 0 12 94 973A 
BASIC -ABSTRACT : 

NOVELTY - Steel comprises specified amounts of carbon, silicon, manganese, 
phosphorus, sulfur, copper, nickel, chromium, molybdenum, vanadium, niobium, 
aluminum, nitrogen, oxygen and iron. 

DETAILED DESCRIPTION - Steel comprises (in mass%) : carbon (0 . 1-0 . 3) , silicon (less 
than 0.35), manganese (0.5-3.5), phosphorus (0.02), sulfur (0.003-0.013), copper 

(less than 0.1), nickel (less than 0.2), chromium (1-3), molybdenum (0.03-2), 
vanadium and/or niobium (each 0.05-0.3), sol. aluminum (less than 0.03), oxygen 

(less than 0.003), nitrogen (less than 0.02), inclusion (less than 0.018), and 
remainder is iron and impurities. 

USE - For plastic molds . 

ADVANTAGE - The steel has excellent powder electrical discharging property, 
moldability and weldability. As the surface hardness is reduced after electrical 
discharge, the polishing time is reduced, and the manufacturing time can be reduced 
compared to conventional steel. 

DESCRIPTION OF DRAWING (S) - The figure shows the relationship of sulfur content of 
steel with the roughness of the electrical discharged surface of the steel . (Drawing 
includes non-English language text) . 



ABSTRACTED-PUB-NO: JP2 0 0 12 94 973A 
EQUIVALENT -ABSTRACTS : 



http://westbrs : 9000/bin/cgi-bin/accum_query .pl?MODE=%20%20%20%20Display%20%2. . . 12/1 4/04 



(19)H*BtfiW (J P) (12) & H J^p & ^ (A) ODWfWHK^W*^ 

#182001-294973 
(P2001-294973A) 



(43)&MB ¥fi5l3*F10E26B (2001. 10.26) 



(51)IntCL T 






F I r-?3-r(#^) 


C22C 


38/00 


301 


C22C 38/00 3 0 1H 4F202 


B29C 


33/38 




B2 9C 33/38 


C22C 


38/58 




C2 2C 38/58 




38/60 




38/60 








saafcR mm m*b®&4 ol (*8» 


C21)tfW»f» 


**S2O00- 103855(P2000-103855) 


en) max 000003713 














¥da2*F4fl5B(2000.4.5) 


S«Jl»«i!rSflfPK»-Tlll*18^ 








(72)$8SJ£ S* ftBB 








SDMMKHfTWail-5-18 7y5- 








;k*38B»2^ 








(7Z)5»»« lilW Bff 








»SK8yil*927-2 








(74)ftSA 100104123 








ir &± sm tm 








F^-A(#*) 4F202 AJ02 CA30 (201 CD18 



(54) BWI©*fW »5*dtt^ttlC«tl£:/5X^v*l30»&SJ8*! 



(57) 

®jmwmLm)Wcmxam<rM2 » 1 o u mja 
at t-cv^i,. 

aS%T. C : 0. 10-0. 3 0%, 
Si : 0. 3 5%OT. Hn : 0. 5~3. 5%, P : 

0. 0 2 0%. S : 0. 00 3 0~0. 0 13 0%. C 
u : 0. 1 0%£TF. N i : 0. 2 0%OT. C r : 

1. 0-3. 0%. Mo : 0. 2—1. 0%. VfcNb 
aiS£fcii2B£t*i<Fft.O. 05~0. 30%. s- 
Al : 0. 0 3 0%OT. O: 0. 00 30%«T. 

n : o . 02 oxixr&ivit&fos. o . o 1 8%a 



1 

imm i msxx (armt) . c : o. 1 o- 

0. 3 0%. S i : 0. 35%&lT. Mn : 0. 5 — 
3. 5%. P : 0. 0 2 0%. S : 0. 0 0 30-0. 
0 13 0%. Cu : 0. 1 0%J31T. N i : 0. 2 0% 
OT. Cr : 1. 0-3. 0%. Mo : 0. 0 3-2. 

0%. vtubzim£t:te2m*ti-?no. 05- 

0. 30%. s-Al : 0. 030%WT. 0:0. 00 
3 0%fclT. N : 0 . 0 2 0%WTfcJ:^«flj« : 

0. 0 18%JaT££WU m&VFe&xtmmi 

im<&2] C : 0. 10—0. 30%. Si : 0. 
3 5%&T. Mn : 0. 5—3. 5%. P : 0. 0 20 
%. S : 0. 00 30—0. 0130%. Cu : 0. 1 
0%&T. Ni : 0. 20%J31T. Cr : 1. 0—3. 
0%. Mo : 0. 03-2. 0%. VfcNb£l8*fc 
i±2n*tl?tlO . 0 5-0. 3 0%. s-Al :0. 0 
30%OT. O : 0. 0030%mT. N : 0. 020 

xsxYnzLifitwm : o. oi8%j»Tfc*tru $ 

t>iZB : 0. 00 02-0. 002 0%£#3TU Sgff 

[1££>S3] C : 0. 1 0— 0. 30%. S i : 0. 
3 5%jy.T. Mn : 0. 5—3. 5%. P : 0. 0 20 
%. S : 0. 00 3 0—0. 0 130%. Cu : 0. 1 
0%JTF. Ni : 0. 20%£1T. Cr : 1. 0-3. 
0%. Mo : 0. 03—2. 0%. VfcNb£lSifc 
ti2a-£it-m0. 0 5-0. 3 0%. s-Al : 0. 0 
30%£IT. O : 0. 0030%£1T. N : 0. 020 
X&LT&XXHtmm. : 0. 0 1 8%«T£^rU 5g 
fcCa:0. 0005—0. 0 10%. Se : 0. 01 
0-0. 1 5%fcJOTe : 0. 0 10-0. 15%. 
Zr : 0. 00 3—0. 2 0%. Pb : 0. 0 3—0. 
2 0%tJj:tXBi : 0. 0 10-0. 20%CDo*><r>l 

«4*:tt2Sjy±£**ru mitfFe&xxmm 
lammi c : o. 10-0. 30%. si : 0. 

35%filT. Mn : 0. 5-3. 5%. P : 0. 0 20 
%. S : 0. 00 30-0. 0 130%. Cu : 0. 1 
0%WT. Ni : 0. 20%mT. Cr : 1. 0-3. 
0%. Mo : 0. 03—2. 0%. VfcNb£l8*fc 
l*2n*tl-?tl0 . 0 5—0. 3 0%. s-Al : 0. 0 
30%WT. O : 0. 0030%WT. N : 0. 020 
%WF&±V1t&teM : 0 . 0 1 8%aT£-£3rU $ 
£>fcB : 0. 0002—0. 0020%£33rU ±tz 
Ca : 0. 000 5—0. 0 10%. Se : 0. 0 10 
-0. 1 5%fcJ:tfTe : 0. 0 1 0-0. 1 5%. Z 
r:0. 003—0. 20%. Pb:0. 03—0. 2 



(2) ^2001-294973 

2 

0%fcitXBi:0. 0 10-0. 2O%0D5^<918 

ryxr-stmsmmm. 

[0001 ] 

10 m:w>$mtf$mvx\ l z&^m&& L £h7 : 7x+ 

[0002] 

<tfS£smtfs&i£mL. z\<r>m.nz^xm.<m 
&tm?.*)v*-<r>i6m:&zsL ijftiifflSr^fcr-r 
hwrnmum) . mmjHa&k'tzx-yxm&ztix^ 

■0*4 1 1 t izft^immnmmcrwm&tfmix 

rnixuhzttm^tixuh. tt:&m$m<7>mii 
vmLit7yx+v?®&^mizmih<?>T. mm 

& tztti/XtiUT-lzX o X tait:t>*-^y^ y 

%H8m:&gtfm.X^& £ £ 5: t' t>S£$*i.T <- * 
*>. Etc. SiffcD&ScDKmtiHvai. JolftfcMA 

XZtiX^lz. 

[0 00 3] fi!*. 7yA+v7im&mmmkLX. 
ii}iBA<0§!l?&U:C : 0. 1—0. 3%. S i : 0. 2 
5%«T. Mn : 0. 5-3. 5%. P : 0. 02%fil 
T. S: 0. 0 1—0. 10%. Cr : 1. 0—3. 0 
%. Mo : 0. 0 3—2. 0%. V: 0. 0 1 — 1. 0 
%. B : 0 . 0 0 2%OTT&'3 . &g£J5tTN i . 
Zr. Pb, Te, S etJitfB i 0>ia&fcli2&£l 

±«wru m$tfm , mtzF ei>>e>%*) . a^tx 

40 BH= 326.0+ 847.3(00 + 18.3(SiZ)-8.6((4i2)- 1 
2.5(CrZ)^460 

•r . m&£m*i7yx+ v?m&mm (mw 
3-1 7753 e^m) aw^wi-oxfe. 

[0004] 

mt'*^£m%Hw&&miJ s m.x^h#. » 
mhwL^mwewmmfi+ttX'Kfr-ot: „ 

50 ±IB^*<or5X^.y^jS^^BfflSii:^(0^^ 



(3 

3 

8aw)75xf7 ^m^mmmx wmmbai&fo 

[0005] 

mz-o^Tmm&ix^titz^ r?xi-»,7fm 10 
v?fmmmm\t. wmtf&mTLxt. 

Sit. s£wsfc»3fcR«iia^ 

t:«S^ilS-0. 0 08 0%JaTfc-f#UfJ:Vvri:& 

[ o o o 6 j -r&*>*>. *%wmmtmHLmz.mi 
t:7yx+v?im&mimiizii^xii. c-.o. 1 o 

~0. 30%. S i : 0. 3 5%JilT. Mn : 0. 5~ 
3. 5%. P : 0. 0 2 0%. S : 0. 00 3 0—0. 
0130%. Cu : 0. 10%WT. Ni : 0. 2 0% 
fclT. Cr : 1. 0~3. 0%. Mo : 0. 03~2. 30 
0%. VfcNb£lS*Jtl±2S-Ht<?*lO. 05- 
0. 30%. s-A 1 : 0. 030%J31T. 0:0. 00 
3 0%fclT. N : 0 . 0 2 OXHTtSj: tftMEftft : 
0. 0 1 8%OTiSr^L. '£miZfbtXB : 0. 0 0 
02-0. 0020%££^TU mitfFe)s£XPF»f 

[ooo7]*^. *mmmm^m&jxtzr 
yx+vffm&mmmnz&uxit. c-.o. 1 o~ 

0. 3 0%. S i : 0. 3 5%JJIT. Mn : 0. 5~ 
3. 5%. P : 0. 020%. S : 0. 0030~0. 40 
0130%. Cu : 0, 10%WT. Ni : 0. 2 0% 
WT. Cr : 1. 0~3. 0%. Mo : 0. 03—2. 
0%. VfcNb£ 18afcte2S**l<?*lO. 0 5- 
0. 30%. s-Al : 0. 030%J21T. 0:0. 00 
3 0%OT. N: 0. 0 2 0%mTfcJ:t*fr£!|&fi: 
0. 0 18%JaT^*L. SfcCa: 0. 0005~ 
0. 0 10%. Se : 0. 010~0. 1 5%ti£lfT 
e : 0. 010~0. 1 5%. Zr : 0. 0 0 3—0. 
2 0%. Pb : 0. 0 3~0. 20%t$£VB i : 0. 
010~0. 2 0%(Oo*>CDinit:te2WJ±Z1&i 50 



#§§2001-294973 
4 

U d&gfci6tTB : 0. 0002-0. 0020%£ 

k-thztxbh. 

[0008J 

item *mmmmML&tzmi*:7yx+v? 
mMmm\t. s^m^m^xmrnmimM 

kt>fc. wimcmmj&mmnwicywmbKhitiE 

«J*0. 0 18%WT. itfflaZ&SSfrhOZO. 0 0 

3 0%WTtcLTv^<7>T. »5id5t®raia<oJSc®na: 

ffi<0ffi3 CO Rbx # 1 0 n m&Tfc&S . 
[0009] 

[H^onifeco^®] *n^^)»5idiS«jia:ttfc: 

C : C : 0. 1 0~0. 30% 

X\ *<nt:thizttt$it&7mX't>&. tcomitftZ 
fc*>fc<io. 10%. mt<itO. 16%12t±A*S 
0. 30%. &iL<&0. 20% 

L®eMzm<% t )i&&&coT. **>#W3SB£o. 

10-0. 3 0%fc-tS. #£U*£BttO. 16- 

0. 20%fc1-&. 

[0010] Si : 0. 3 5X&.T 

s i«. mcomkommbtx . *tt>*-iu?>m 
Sk&SAi* o 3 zzu&t&ocotm&ivmA&i: 

»<ttbbUz. S-kHmtm&H-£2>Zbiz£Z>& 

tihcryfmZftht&MffltLKteO. 2 0£Lt£W 
0. 35%. ff*L<liO. 30 

%imihbmmix!&g&)m<%'). t^mm* 

^<-ThZbizXt xtfJnifcfcttS lsOUxy<?M!k.l> 
$> < ££?>T\ -e^^KHSr 0.35 XUTfc . 
ffaU^KBtiO. 2 0~0. 3 0%T&S. 
[00 1 1 ] Mn : 0. 5~2. 0% 
Mnli. MnSt:&f&.LXfflmZm<?hbbi>lz. 

mmmw»cmzz&< Lxmrnnzwat. m 

AttSr^-rso-e. *tib<ot:tbizttiSith7imX' 
hh. Z1XbV®m:®ht&>£.\t.O. 5%J3Lh. 
L<«1. 2%Ja±^*$-frS i ^A«ft^. 2. 0 
%. #2L<lil. 7%$-jSi.«,fcaffltt$-[ST-t^ 
f. *tf>##Ell£0. 5~2. 0%k^. »*UV^ 
KHJil. 2~1. 7%X-t>h. 
P : 0. 0 2 0%JJIT 

0.020 %OTT'«>ixtf . ©ttfc-^t&^Sb&^^rV^ 

ot. -eo&«£ 0.02 o%WTt-rs . 

[0012]S:0. 0030~0. 0130% 
Stt. ft®nHffl^tf-/hfc«t^(OSHt^MnS 



(4 

5 

GZithTrnx-hz. *<m%tmzt:ibM±o. oo 

3 0%fcLL. #£L<«0. 0 0 6%jy_L^i$-fr6& 
g#<o6#. 0. 0 13 0%. #£L<ttO. 009 5 

SOfttf^K&StfrC. *<»>&^f&B£0. 00 3 0— 
0. 0 13 0%fc^S. ffaU«liO. 00 6 0- 
0. 0 09 5%-C*!.. 

[0013] Cu : 0. 10%«T. Ni : 0. 20% 
WF 10 

*mmmmMi.mz&tifz77x* <y ?<mm. 
mmcu : o. i o%mf. ni : o. 20%art 

Cr : 1. 0—3. 0% 

•t&TcS-C&S. *<vm&nht:#>lz\ti . o%. # 
*Kttl. 6%ia±#*$-ti-S^35P*fcl > ^ 3. 0 

xvmma&z&T-t&n?. totwmt 1 . 0 

-3. 0%k-th. IF&U4HB1. 6-2. 2%-c 

*>*>. 

[0014] Mo : 0. 2-1. 0% 
MoJi. ;^<0^<DB£A*ltt£S<-rSi:fci,C. 6 

o orfeLh-co^uftflasfite^Hft-rs^fc-t* 
$^S7^rj>&. -e<o$!«£*i&fc#>tciio. 2%. 
#£L<tto. 3%ja±irW$-«*-s^*«*)S^ 1. 
0%. mv<uo. 5%inthkm.wmmm 30 

##SB£0. 20-1. 0%k-rs. #£U^«Bli 
0. 3-0. 

[00 15] V: 0. 0 5-0. 3 0%. Nb : 0. 0 
5-0. 30% 

VfcitfN b«. MMLttMSttS-ilfil-rSi: k 

tf&y^T&S. *ft£<^S£*§5;fctf>fc:ttO. 0 5 
%. «F£L<»±0. 0 8%KLh^W$-frS^* I *S 
#. 0. 30%. #£L<li0. 15%£jg;i&fc8ffl 40 
ttfcit^Jtt^ffiT-TSOT. *<7>fcWjSH£0. 0 5 
-0. 3 0%fc-T6„ JJiU^BIiO. 08-0. 1 
5%X't>&. 

s-Al : 0. 0 3 0%KIT 

[0016] Am, mmtLxwmt&7im?i>& 

U>. L#»L. s-A 1 b LX0. 0 3 0%aTC 
LT0. 0 3 0%OTfc-TS. 50 



1^2001-294973 
6 

[00 1 7] O : 0. 0 030%jaT 

^xmowt^i&r-ritbt^ msmttxma 

3Tft5rO. 0030%OTt-T4. 
[0 018] N : 0. 0 2 0%JJIT 
Ntt. C. Cr. Mo. V. A 1 &iffct£-£-L"CijSII-ffc 

y*-;POl^c0lIBtJ ilXI!!!HlniIttfiT<OJSHf: & 
&<r>T\ N : 0. 0 2 0%£lTfcf6. 
[0019] tfffiBj : 0 . 0 1 8%£TF 

xmtt<uo. oo5%vn&mx'*,&tf. 

fc&S^TAifc. B^fcitfC^Sr^t^lTO. 0 1 
8%OT£-r£«fcga t *>£. 
[0020]B:0. 0002—0. 0020% 

£-c&&. •e<^sm^#^«)k:{io. ooo2%£U: 

0. 0 0 20%£j@xSfc«t 

T. -e^W&BliO. 00 02—0. 0 0 2%fcf 

[002 1 ] Ca : 0. 000 5—0. 0 1 0%. S 
e : 0. 0 1 0—0. 1 5%. Te : 0. 0 1 0—0. 
15%. Zr : 0. 0 0 3—0. 2 0%. Pb : 0. 0 
3—0. 2 0%. B i : 0. 0 1 0—0. 2 0% 
Ca. Se. TeZr. Pbfcitf. Bili. Wfm* 

O&#*#Ca-C0. 000 5%. Se. Tet5.ktfB 
iTO. 010%. ZrtO. 003%. PbTO. 0 
3%±9^&^fc-ctf)2&£#/h3<. CaTO. 010 
%. SetiXX/TeTO. 15%. Zr. PbfcitfB 
iTO. 2 0%£j@;i6fc. 8tt. f&fsiijnitt* 

[0022] act. *m\mmcmsai&£.m*z7 

5 >y ? $m&mmcvmrtimii xxsmmiz^ 
x-mmmth. *m&mzwmMi&iizfflxtzT 

wm*. nmfp (esr. var> %zzm^xz<r> 
mmmmrnktmrnzmx-miL. ^m^nrnx- 
mm. mm&nt u. wmktti\ims&. mi 

Zt:\iEm%t'££nXWm-&ZtffTZh. Ztzf* 

wmimLx 9 5 ox:ttj£ib*t>m$Lxmjji* l. 

6 0 0-6 5 0X:tfig-CSjEI^»Lfc^&LT8i 

[ o o 2 3 1 wt. *mwmsm* wm-h . 



im&mi rmm i &Fttmmt$£vtt$M<r>7y 



(5) ^2001-294973 

8 

*&Ut8£tel/CSiML£LT4 0 0DXl OOOoX 
17 00mtf)«Br£«iiU:. 
[0024] 
CHI] 





ft 


C 


SJ 


* 


P 


s 


Cu 


Mi 


Cr 


No 


* 
ft 

« 


1 


an 


0l21 


L35 


a ois 


a 0047 


a 05 


a 03 


2.78 


LOS 


2 


an 


a u 


1.49 


a 015 


0.0054 


a 06 


a oe 


1.00 


a37 


3 


a 12 


(LIS 


2.06 


a ois 


oiono 


a 03 


a 10 


1.65 


L86 




4 


a is 


0L32 


a io 


a on 


0.0032 


a 02 


a 08 


L21 


a io 




1 


a is 


0.25 


Leo 


a 008 


a 0350 


a 06 


a 04 


2:25 


a*7 


t* 
W 


2 


a 14 


0.30 


1.60 


a ooo 


a 0601 


aos 


aos 




a2S 


3 


a 28 


0l99 


L15 


0.010 


(10250 


aos 


aos 


a 30 


aos \ 





fib 


s-Al 


0 


N 


B 






1 aiD 




aozs 


a oozi 


a 0120 






a 008 


am 




a 025 


a ooi6 


a ouo 


a 0002 




a oio 




a is 


a 013 


a ooi8 


a 0132 




Ca:a00lO Pb:a06 


a ois 


a 24 


a 07 


aoei 


a 0034 


0.0101 


0.0013 


SezaOU Te:a(0 
Zr:a004 Bl:a03 


a 012 


an 




a ois 


a 0097 


a 0145 




0.030 


a 12 




a oi4 


a 002i 


a 0131 






a 244 


aos 




a 020 


a ooio 


a 0050 






a L2i 



[0025] ±gMttfrt>mu ! cim jtstx mmt<p * i o o 2 6 ] wmiz. jm 1 4 . ttm--* «v h<o« 



2rTS^2tc^-t. »5idfc«jia:«. mrnm-. edn 

C8 5S («Sf77'fX (80S) . D. F. =14% 
(Ton=l. 5/is s Toff =9. Ojts) , Jitter 

m : a^{LhtfJiiI*HS5£, ttantfiue : v s c l 

g/'J -/ Wk : C r S 



30 



S3 1 5 minO^y U i*03fJS4 0 Omm 

/min > J^SE^l 5 8m/mi nfcit^JOii^Sm 

10027] t6 



[^2] 



3P 



\ 


to 


* * 




' mc n ft 


3fifi CHV) 


■WXHRC.H8) 


It 
« 


1 


437 


3 3 HK • 


^ 6 urn 


2 20 5 0 


2 


4 2 0 


3 3 HK 


4 


2 2 12 0 


3 


4 1 7 


3 i rate 


9 


2 293 0 


4 


408 


30 HK 


8 


2 19 10 


K 


1 


4 1 5 


3 3 HK * 


21 


23 5 3 0 


2 


4 0 0 V 


/ 1 9 2 HB 


29 


2 4 6 9 0 


3 


477 


.16 8 HB 


] 4 


2 455 0 



[00 2 8] Ztlt>0te&££&t. *%mmi. mS *3 0mmtJ)^. *&«5iflBi. it«SflS«Ot><7)fcUt«L 
W«$*«HVC4 08-4 3 7. +&a>?>«$#HRC Ttffltt^oTl^i^^ TJfcttglifitf* 
T3 0~3 3 Tft 0 . § &fcft®JllIffictfB$tf>R»x »tT. 3DH^I*^fcft< &&*>.tT{i&V^-C. 75 
*54~9/zm-C* 0. £fc«ffltt<i2 1 9 1 0-2 2 9*50 X*v?fm&mmmtZtS^X&Ztliit'<r)X&£.%t> 



9 

[0029] Ztl&tLT . S^#fi#*m); n 

#hrct'3 3t*d. $^tcife®na:ffi<oa$<7)RM 

x #2 lumTf>*). *)t»[ffJtt«2 3 5 30mmTj> 

2. 3«2LtC*ofc. $£>fc. s^wa***^* 9 

aWr9***ttlKM2tt» #»0«$#HVC4 0 0T*> 

9. *fcl!8Slttli24 6 9 0mm-e;&o£. *?&HJ!01i: 

ScWmlfficOffl^iORiax #3. 2^£Lh-Cj>o 
fc. S^^**f|^9^1tK0l2tt. Sffl 

<59®£ #H VT4 7 7 T'*> 9 . S tCjfcmimXWc7)«$ 
ORkx 3^14jLtmT&0. *^«BiJttli24 5 5 0m 



(6) ^12001-294973 

1 0 

9a^#. ttBHbPWrOifc. UpL. Jft®jniBtf> 
ffl§c7)Riax tfl. 5&W±Tb->ti. 
[0030] 

5ldSSMri^StStnim<7«$SrRiax Tl Ouma 

mi ] 75x*t"/7m&Mmm&ts»h stt&t 



[HI] 



« 20 











_ -J 


















t 












































: .1 . 









0.0M 0.020 0.040 0.060 

S« (X) 



[iitBBl^JSl 2^4^6 0 (2 00 0. 4. 6) 

i^mmEi 3 

[«IE*«&»®&] BjMB® 
[«IE*]gSBB£;] ^ITOWgH 

[ffiEAS] 
[EUPfft^KB] 

[f&^aii a*%-c(jaTPit) . c: o. io~ 

0. 30%. S i : 0. 35%J21T. Mn : 0. 5— 
3. 5%. P : 0. 0 20%ffiE. S : 0. 00 3 0- 
0. 0 130%. Cu : 0. 10%WT. Ni : 0. 2 
0%tn\ Cr : 1. 0-3. 0%, Mo : 0. 0 3- 
2. 0%. VtNb£lUttti2n*tl?tlO. 05 
— 0. 30%. s-Al : 0. 030%JJIT. O:0.0 

0 3 0%feiT. n : o. 0 2 0%arax^m»A: 

0.01 8%HT**frU miVF e fcitPRTiSW 



Ismm2l C : 0. 10-0. 3 0%. Si : 0. 
35%OT. Mn : 0. 5—3. 5%. P : 0. 020 
%feTF. S : 0. 00 30—0. 0 130%. Cu : 
0 . 1 0%WT. N i : 0 . 2 0%&T. C r : 1 . 0 
-3. 0%. Mo : 0. 03-2. 0%. VfcNb£l 
S&fctit2a*iV?ftO. 05-0. 30%. s-Al : 
0 . 0 3 0%mT. O:0. 003 0%KTF. N : 0 . 
0 2 0%aT&iTfift&m : 0 . 0 1 8%WFZtt 
U $&KB : 0. 0 00 2-0. 00 20%££1r 

[|f*Ja3] C : 0. 10-0. 30%. S i : 0. 
3 5%JilT. Mn : 0. 5—3. 5%. P : 0. 020 
%J£E. S : 0. 0030—0. 0130%. Cu : 
0. 1 0%JilT. N i : 0. 20%OT. C r : 1 . 0 



(7) 



^200 1-294973 



~3. 0%. Mo : 0. 03~2. 0%. VhNbJ-l 
m£Mi2m*tl?tlO. 0 5~0. 3 0%. s-Al : 
0. 0 30%JJHF\ O : 0. 0 030%OT. N : 0. 

0 2 0%lilT&£Vitm>& : 0 . 0 1 8%&.TZtt 
U HfcCa : 0. 0 00 5~0. 0 1 0%, Se : 
0. 0 10~0. 1 5%t$£VTe : 0. 010-0. 

1 5%. Zr : 0. 0 0 3~0. 2 0%. Pb : 0. 0 
3~0. 20%tJit/Bi : 0. 0 10—0. 20%<9 

im&S4] C : 0. 10~0. 30%. Si : 0. 
35%filT. Mn : 0. 5~3. 5%. P : 0. 020 
%JUT. S : 0 . 0 0 3 0~0 .013 0%. C u : 
0. 10%J3lT. Ni : 0. 20%OT. Cr : 1. 0 
~3. 0%. Mo : 0. 03~2. 0%. VfcNbSrl 
miM*2m*tl-?tl0. 0 5~0. 3 0%. s-Al : 
0. 0 3 0%OT. O:0. 0030%WT. N : 0. 

0 2 OXMTtiXVft&MM. : 0 . 0 1 8%&.T$tt 
U %t>£B : 0. 0002-0. 0020%£^fr 
U JfcCa : 0. 0 00 5~0. 0 1 0%. Se : 
0. 0 10-0. 1 5%t$£VTe : 0. 010~0. 

1 5%. Zr : 0. 0 0 3~0. 2 0%. Pb : 0. 0 
3~0. 20%*>«ktfBi : 0. 0 10~0. 20%?) 
d*><Dimtt:lt2mj±Z1&iL. 8g|«e*Fei>J:tf 

[«E*t£JBB£] 0 006 

[«iE;frife]S3g 

[*Ertg] 

[0006] ^tt»t>. *mimrtmML&izmi 



K.77Xl- -/?ffl8MmmiZt5\vt\t. C : 0. 10 
~0. 30%. S i : 0. 3 5%&T. Mn : 0. 5~ 
3 . 5%. P : 0 . 0 2 0%&T. S : 0 . 0 0 3 0— 
0.013 0%. C u : 0 . 1 0%UIT. N i : 0 . 2 
0%feTF. Cr : 1. 0~3. 0%. Mo : 0. 0 3~ 

2. 0%. Vi:Nb3rlSiJtli2S-£*l-?il0. 0 5 
~0 . 3 0%. s-A 1 : 0 . 0 3 0%OT. 0:0.0 
0 3 0%WT. N : 0 . 0 2 0%&.Tt5£V-ft&fa& : 
0. 0 18%«T££*L. £gfcJStTB : 0. 0 0 
02-0. 0020%££WU m&tfFetiXXtt^ 
8tt*l#|jja>S>£S hOb-t&Z. bX'hh . 

[#8«GE3] 

[«e#si»»&] mmm 
[«DEitai«a=fe] 0007 

[UlEfrife] 3Sg 

[ o o o 7 ] *&ffl^ldfcmtottfc©i*7- 

7Xf-y^^^ffi«K:t5V^T«. C: 0. 1 0~ 
0. 3 0%. Si : 0. 3 5%OT. Mn : 0. 5~ 

3. 5%. P : 0. 0 2 0%JJIT. S : 0. 00 30~ 
0. 0130%. Cu : 0. 10%iJlT. Ni : 0. 2 
0%WT. Cr : 1. 0~3. 0%. Mo : 0. 03~ 
2. 0%. VfcNb£ia£fctt 2S<c*l.<?*l.O. 0 5 
~0. 30%. s-Al : 0. 030%OT. O:0.0 
0 3 0%OT. N : 0 . 0 2 OXI&TtiXVft&m : 
0. 018%&TSr£*U StCa:0. 000 5- 
0. 010%. Se : 0. 010—0. 1 5%&£VT 
e : 0. 0 10~0. 1 5%. Zr : 0. 0 0 3~0. 
2 0%. Pb : 0. 0 3~0. 2 0%fc«kt^B i : 0. 
010~0. 2 0%<0d^C01Si*:tt2SJyjb££W 
U ggiZlSlXB : 0. 0002-0. 0020%£ 



[SaJHl^lfil 2^4fll 9H <2000. 4. 1 [ffiEfrffi] 

9) [*§iEl*j£] 

IZmffiEl) [0027] 

iWEM&mzi mm m2] 
mmmszi 0027 



(8) 



^2001-294973 



* 2 



\ 


Ha 




hix 


tt m « 

ttnraas cm) 


2® CHV)/ 


( *fe£>CffitC.HB)\ 


* 
38 
m 
m 


1 


4 3 7 ( 


3 3 BSC 


\ 6 


2 2 0 5 0 


2 


4 2 0 \ 


33 HRC 


T 

H— 


22 120 


3 


4 17 


\ 3 I BSC 




22930 


4 


408 


\3J> HSC / 


3 


21910 


it 


1 


4 1 5 


3 3 BSC * 


2 1 


2 3 53 0 


2 


400 


1 9 2 HB 


29 


24690 


3 


4 77 


1 6 8 HB 


1 4 


2 4 55 0 



ttfWlfltfttttStt. 3 3 HRC±3 0 8HTO&ofc. 



JP,200 1-294973, A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The C:0.10 - 0.30% (below the same) at weight %, less than [ Si:0.35% ], Mn: 0.5-3.5%, 
P:0.020%, S:0.0030 - 0.0130%, Cu: Less than [ 0.10% ], less than [ nickel:0.20% ], Cr:1.0-3.0%, 
Mo:0.03-2.0%, and V and Nb -- one sort ~ or 0.05 to 0.30% two sorts, respectively s-aluminum; Less 
than [ 0.030% ], 0:0.0030% or less, N:0.020% or less, and the amount of inclusion: Steel for plastic- 
molding metal mold excellent in the powder electron discharge method nature characterized by 
containing 0.018% or less and the remainder consisting of Fe and an unescapable impurity. 
[Claim 2] C:0.10 - 0.30%, less than [ Si:0.35% ], Mn:0.5-3.5%, P:0.020%, S:0.0030 - 0.0130%, less 
than [ Cu:0.10% ], nickel: Less than [ 0.20% ], Cr:1.0-3.0%, Mo:0.03-2.0%, V and Nb - one sort or two 
sorts - respectively - 0.05 - 0.30%, and s-aluminum: - 0.030% or less 0:0.0030% or less, N:0.020% or 
less, and the amount of inclusion: Steel for plastic-molding metal mold excellent in the powder electron 
discharge method nature characterized by containing 0.018% or less, containing further B:0.0002 - 
0.0020%, and the remainder consisting of Fe and an unescapable impurity. 

[Claim 3] C:0.10 - 0.30%, less than [ Si:0.35% ], Mn:0.5-3.5%, P:0.020%, S:0.0030 - 0.0130%, less 
than [ Cu:0.10% ], nickel: Less than [ 0.20% ], Cr:1.0-3.0%, Mo:0.03-2.0%, V and Nb - one sort or two 
sorts - respectively - 0.05 - 0.30%, and s-aluminum: « 0.030% or less 0:0.0030% or less, N:0.020% or 
less, and the amount of inclusion : 0.018% or less is contained. Furthermore, calcium:0.0005-0.010%, 
Se:0.010-0.15%, and Te:0.010-0.15%, Zr: Steel for plastic-molding metal mold excellent in the powder 
electron discharge method nature characterized by containing 1 of 0.003-0.20%, Pb:0.03-0.20%, and 
Bi:0. 010-0.20% of sorts, and two sorts or more, and the remainder consisting of Fe and an unescapable 
impurity. 

[Claim 4] C:0.10 - 0.30%, less than [ Si:0.35% ], Mn:0.5-3.5%, P:0.020%, S:0.0030 - 0.0130%, less 
than [ Cu:0.10% ], nickel: Less than [ 0.20% ], Cr: 1.0-3.0%, Mo:0.03-2.0%, V and Nb -- one sort or two 
sorts - respectively - 0.05 - 0.30%, and s-aluminum: - 0.030% or less 0:0.0030% or less, N:0.020% or 
less, and the amount of inclusion : 0.018% or less is contained. Further B:0.0002 - 0.0020% is 
contained. Moreover, calcium:0.0005-0.010%, Se: 0.010-0.15% and Te:0.010-0.15%, Zr: Steel for 
plastic-molding metal mold excellent in the powder electron discharge method nature characterized by 
containing 1 of 0.003-0.20%, Pb:0.03-0.20%, and Bi:0.010-0.20% of sorts, and two sorts or more, and 
the remainder consisting of Fe and an unescapable impurity. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the steel for plastic-molding metal mold with which the 
front face after a powder electron discharge method becomes the field roughness near MIGAKIRESU, 
when carrying out machining and a powder electron discharge method to the steel for plastic-molding 
metal mold and a detail excellent in powder electron discharge method nature in the state of pre 
HADON. 
[0002] 

[Description of the Prior Art] Since the metal mold used for shaping of plastics is usually manufactured 
in the steel for metal mold by machining, the powder electron discharge method (the electron discharge 
method approach which supplies detailed powder between a processing side and an electrode, and 
makes a processing side smooth by induction of discharge with this powder, reduction of spark 
discharge energy, etc.), polish processing, etc., while the machinability in machining is excellent, it is 
required for the steel for metal mold that the smooth nature of the front face after a powder electron 
discharge method should be excellent. Furthermore, since it may be welded in repair, a design change, 
an assembly, etc., it is required that weldability should also be excellent. Moreover, since it appears in 
the front face of the plastic which the configuration on the front face of metal mold fabricated, it is 
required that the general property required for metal mold, such as that neither a pinhole nor crimp 
nonuniformity occurs on a front face, hardness, proof stress, and toughness, should be excellent with 
polish or crimp processing etc. Especially, in order to carry out cutting after hardening and annealing 
since it deforms by heat distortion and manufacture days become long if hardening and annealing are 
carried out after processing in manufacture of the latest metal mold, the steel for metal mold excellent in 
machinability was demanded. 

[0003] C:0. 1 - 0.3% which the applicant developed as steel for plastic-molding metal mold 
conventionally, Si: Less than [ 0.25% ], Mn:0.5-3.5%, P:0.02% or less, S:0.01 - 0.10%, Cr:1.0-3.0%, 
Mo:0.03-2.0%, It is V:0.01 - 1.0%, and B:0.002% or less, and the need is accepted, nickel, One sort of 
Zr, Pb, Te, Se, and Bi or two sorts or more are contained. The remainder consists of Fe substantially and 
have the alloy presentation with which formula BH= 326.0+847.3(C %)+18.3(Si%)-8.6(Mn%)-12.5 
(Cr%) <=460 are filled the bottom. A preheating and post heating were not needed but the steel for 
plastic-molding metal mold excellent in weldability (publication-number 3-No. 177536 official report) 
was used. 
[0004] 

[Problem(s) to be Solved by the Invention] The above-mentioned conventional steel for plastic-molding 
metal mold did not have the enough smooth nature of the front face after an electron discharge method, 
although it excelled in weldability and the general property required for metal mold, such as hardness, 
proof stress, and toughness, was excellent. This invention is Rmax with the granularity of the electron 
discharge method skin after a powder electron discharge method smaller than the above-mentioned 
conventional steel for plastic-molding metal mold while a general property required for metal mold 
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equivalent to the above-mentioned conventional steel for plastic-molding metal mold and weldability are 
excellent. It is making into the technical problem to offer 10 micrometers or less of steel for plastic- 
molding metal mold desirably set to 8 micrometers or less. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the property 
which this invention persons need for the steel for plastic-molding metal mold, When it is inquiring 
wholeheartedly about the approach of making smooth the front face after a component presentation and 
a powder electron discharge method, plastic-molding metal mold Since it is necessary to improve 
surface gloss, the processing That there is an inclination for the way of the polish floor to floor time after 
a powder electron discharge method to become long as compared with cutting, therefore the steel for 
plastic-molding metal mold One of the causes by which the front face after that it is more desirable for 
the smooth nature of the front face after a powder electron discharge method to be excellent and a 
powder electron discharge method does not become smooth even if machinability falls a little It is the 
pit and slot which the MnS inclusion for raising machinability fuses and generates in a powder electron 
discharge method, The relation between S content and the granularity of the electron discharge method 
side after a powder electron discharge method is Rmax about the granularity of the electron discharge 
method side after a powder electron discharge method since it comes to be shown in drawing 1 . 
Knowledge — what is necessary is just to make S content 0.0080% or less, for making it 10 micrometers 
or less etc. - was acquired. It is invented by this invention based on these knowledge. 
[0006] Namely, it sets to the steel for plastic -molding metal mold excellent in the powder electron 
discharge method nature of this invention. C:0.10 - 0.30%, less than [ Si:0.35% ], Mn:0.5-3.5%, 
P:0.020%, S:0.0030 - 0.0130%, less than [ Cu:0.10% ], nickel: Less than [ 0.20% ], Cr:l. 0-3.0%, 
Mo:0.03-2.0%, V and Nb ~ one sort or two sorts — respectively - 0.05 - 0.30%, and s-aluminum: « 
0.030% or less 0:0.0030% or less, N:0.020% or less, and the amount of inclusion: It is that shall contain 
0.018% or less, shall contain B:0.0002 - 0.0020% if needed, and the remainder shall consist of Fe and an 
unescapable impurity. 

[0007] Moreover, it sets to the steel for plastic-molding metal mold excellent in the powder electron 
discharge method nature of this invention. C:0.10 - 0.30%, less than [ Si:0.35% ], Mn:0.5-3.5%, 
P:0.020%, S:0.0030 - 0.0130%, less than [ Cu:0.10% ], nickel: Less than [ 0.20% ], Cr:l. 0-3.0%, 
Mo:0.03-2.0%, V and Nb ~ one sort or two sorts - respectively 0.05 - 0.30%, and s-aluminum: 
0.030%o or less 0:0.0030% or less, N:0.020% or less, and the amount of inclusion : 0.018% or less is 
contained. Furthermore, calcium:0.0005-0.010%, Se:0.010-0.15%, and Te:0.010-0.15%, Zr: It is that 
shall contain 1 of 0.003-0.20%), Pb:0.03-0.20%, and Bi:0.010-0.20% of sorts, and two sorts or more, 
shall contain B:0.0002 - 0.0020% if needed, and the remainder shall consist of Fe and an unescapable 
impurity. 
[0008] 

[Function] Since O which generates inclusion for the inclusion leading to the granularity of the front 
face after a powder electron discharge method 0.018% or less is made 0.0030%) or less while decreasing 
the MnS inclusion which S content is decreased and causes granularity of the front face after a powder 
electron discharge method, the steel for plastic-molding metal mold excellent in the powder electron 
discharge method nature of this invention is Rmax of the granularity of the electron discharge method 
side after a powder electron discharge method. It is set to 10 micrometers or less. 
[0009] 

[Embodiment of the Invention] Next, the reason which limited the component of the steel for plastic- 
molding metal mold excellent in the powder electron discharge method nature of this invention and its 
content is explained. 

C: Since C raises hardness and proof stress after hardening annealing C:0.10 to 0.30% therefore, it is the 
element made to contain. In order to acquire the effectiveness, since weld-cracking susceptibility will 
become high and the hardness after hardening annealing will become high too much if it exceeds 020% 
preferably 030% although it is necessary to make it contain 0.16%) or more preferably, the content range 
is made into 0. 1 0 - 0.30% 0. 1 0%. The desirable range is made into 0.16- 0.20%. 
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[0010] Si: 0.35%or less Si is aluminum 203 which causes a pinhole as a deoxidizer of an ingot of steel. 
While making high the reduction and hardenability of O to generate, it is the element made to contain in 
order to raise the machinability by decreasing S content. In order to acquire those effectiveness, it is 
necessary to make it contain 0.20 or more preferably but, and since generating of the crimp 
nonuniformity in crimp processing by weld-cracking susceptibility becoming high and enlarging a 
segregation will also increase 0.35% if it exceeds 0.30% preferably, the content range is made into 
0.35% or less. The desirable range is 0.20 - 0.30%. 

[001 1] Mn: Since hardness by the side of the base material at the time of welding is made low, weld 
cracking is pressed down and hardenability is made high while Mn forms MnS 0.5 to 2.0% and making 
machinability high, it is the element made to contain for those reasons. In order to acquire those 
effectiveness, since machinability will be fallen if it exceeds 1.7% preferably 2.0% although it is 
necessary to make it contain 1.2% or more preferably, the content range is made into 0.5 - 2.0% 0.5% or 
more. The desirable range is 1.2 - 1.7%. 

Since P:0.020%or less P falls the toughness of steel, it is desirable little way, but if it is 0.020% or less, 
since there is little effect which it has on toughness, it makes the content 0.020% or less. 
[0012] Although S:0.0030 - 0.0130%S generates MnS leading to the pit of an electron discharge method 
side, and a slot, since machinability is raised therefore, it is an element made to contain. In order to 
acquire the effectiveness, since the amount of MnS leading to the pit of a powder electron discharge 
method side will increase if it exceeds 0.0095% preferably 0.0130%, although it is necessary to make it 
contain 0.006% or more preferably, the content range is made into 0.0030 - 0.0130% 0.0030% or more. 
The desirable range is 0.0060 - 0.0095%. 

[0013] less than [ Cu:0.10% ] and nickel: - 0.20% or less, although Cu and nickel are elements which 
make hardenability high, since they are not an element required for the steel for plastic-molding metal 
mold excellent in the powder electron discharge method nature of this invention, they are made into less 
than [ of the impurity mixed from a raw material / Cu:0.10% ], and less than [ nickel:0.20% ]. 
Cr: 1.0-3.0%Cr is an element made to contain in order to make the hardenability of large-sized metal 
mold high. In order to acquire the effectiveness, since machinability, weldability, and hot-working 
nature will be fallen while promoting a carbide segregation band and reducing crimp workability if it 
exceeds 2.2% preferably 3.0% although it is necessary to make it contain 1.6% or more preferably, the 
content range is made into 1.0 - 3.0% 1.0%. The desirable range is 1.6 - 2.2%. 
[0014] Mo: While Mo makes the hardenability of large-sized metal mold high 0.2 to 1.0%, it is the 
element made to contain in order to secure resistance-to-temper-softening nature 600 degrees C or more. 
In order to acquire the effectiveness, since a carbide segregation band will be promoted and crimp 
workability will reduce fall machinability if it exceeds 0.5% preferably 1 .0% although it is necessary to 
make it contain 0.3% or more preferably, the content range is made into 0.20 - 1.0% 0.2%. The desirable 
range is 0.3 - 0.5%. 

[0015] V:0.05 - 0.30%, and Nb: - 0.05 to 0.30%, since V and Nb make crystal grain make it detailed 
while securing resistance-to-temper-softening nature, they are an element made to contain for those 
reasons. In order to acquire those effectiveness, since machinability and toughness will be fallen if it 
exceeds 0.15% preferably 0.30% although it is necessary to make it contain 0.08% or more preferably, 
the content range is made into 0.05 - 0.30% 0.05%. The desirable range is 0.08 - 0. 1 5%. 
s-aluminum: Less than [ 0.030% ] [0016] aluminum is aluminum 203 of the deoxidation products, 
although it is the element added as a deoxidizer. Since it is harmful also to machinability while 
becoming the cause of generating of a pinhole, it is so desirable that it is low. However, if it is 0.030% 
or less as s-aluminum, since the effect is small, it may be 0.030% or less by making the content into s- 
aluminum. 

[0017] O:0.0030%or less O is aluminum 203 which combines with aluminum added as a deoxidizer and 
becomes the cause of generating of a pinhole, and the cause of a fall of machinability while oxides will 
increase in number and falling the toughness of steel, if it is an impurity and a content increases. Since it 
generates, the content is made into 0.0030% or less. 

[0018] Although N combines with C, Cr, Mo, V, aluminum, etc. N:0.020% or less, carbon nitride is 
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generated and crystal grain is made detailed, since it becomes the cause of generating of the pinhole by 
carbon nitride, and the cause of a hot-working nature fall, it may be N:0.020% or less. 
[0019] Inclusion: In order that inclusion may secure machinability 0.018% or less, it is mainly desirably 
[ as MnS etc. ] required 0.005% or more, but since it will become the cause of the pit of a powder 
electron discharge method side, a pinhole, a slot, etc. if it increases, it is necessary to make it to 0.018% 
or less in the total amount containing A system, B system, and C system. 

[0020] Since B:0.0002 - 0.0020%B makes hardenability high therefore, it is an element made to contain. 
In order to acquire the effectiveness, it is necessary to make it contain 0.0002% or more but, and since 
weld-cracking susceptibility will be made high while hardenability is saturated if it exceeds 0.0020%, 
the content range is made into 0.0002 - 0.002%. 

[0021] calcium:0.0005-0.010%, Se:0.010-0.15%, and Te: -- 0.010 - 0.15%, Zr:0.003-0.20%, Pb:0.03- 
0.20%, and Bi: ~ 0.010 to 0.20%, since calcium, Se, TeZr, and Pb and Bi raise machinability therefore, 
they are an element made to contain. If the effectiveness is small when there are [ in 0.0005%, and Se, 
Te and Bi / in 0.010% and Zr ] few the contents from calcium at 0.003% and Pb than 0.03%, and it 
exceeds by Se and Te and it exceeds 0.20% by Zr, Pb, and Bi 0.15% 0.010% from calcium, since 
toughness, hardness, hot-working nature, etc. will be reduced, the content is carried out as above- 
mentioned. 

[0022] Next, an example is explained about the manufacture approach of the steel for plastic-molding 
metal mold and heat treatment excellent in the powder electron discharge method nature of this 
invention. The steel for plastic-molding metal mold excellent in the powder electron discharge method 
nature of this invention can be ingoted by the ingot approach of this kind of steel, and the same approach 
using a vacuum induction melting furnace, an arc type electric furnace, a remelting furnace (ESR, 
VAR), etc., can be made into an ingot and the piece of continuous casting by the conventional method, 
and can be manufactured with cogging forging or slabbing, forging, or rolling. Moreover, heat treatment 
hardens by reheating after after [ forging or rolling ] air cooling, forging, or rolling, and carrying out air 
cooling from near 950 degree C, and after carrying out proper time amount heating near 600-650 degree 
C, it can be performed by annealing by carrying out air cooling etc. 
[0023] Hereafter, the example of this invention is explained. 

[Example] The ingot was manufactured after ingoting and carrying out ingot making of the steel for 
plastic-molding metal mold of the example of this invention shown in the following table 1, and the 
example of a comparison with a vacuum-degassing fusion furnace. After having forged between the post 
heating, having carried out air cooling, hardening from about 950 degrees C and heating at 650 degrees 
C for 7 hours, it annealed by having carried out air cooling, and 400mmxl000mmx 1700mm steel 
materials were manufactured. 
[0024] 
[Table 1] 
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\ 


tot 


C 


SI 


Mn 


P 


s 


Cu 


Ni 


Cr 


No 


* 
w 


1 


0.27 


0.21 


1.35 


0.018 


0.0047 


0.05 


<X03 


2.76 


1,05 


2 


0.17 


0.24 


1.49 


0.015 


0.0054 


0.06 


0.08 


1.80 


0.37 


3 


a 12 


0. IS 


2.06 


0.013 


0.0110 


0.03 


0,10 


1.65 


L86 




4 


0.15 


0.32 


3.10 


0. OH 


0.0032 


0.02 


0.08 


1. 21 


0.10 


it 

« 


1 


0.18 


0.25 


1.60 


0.008 


0.0350 


0.05 


0.04 


2.25 


0.37 


2 


0.14 


0.30 


1.60 


0.000 


0.0501 


0.05 


0.05 


1.40 


0.25 


w 


3 


0.28 


0.99 


1. 15 


0.010 


0.0250 


0.05 


0.08 


0.30 


0.05 \ 





Kb 


s-Ai 


0 


N 


B 






a ib 




0.028 


0.0021 


0.0120 






0.008 


0. 10 




0.025 


0.0016 


0.0110 


a 0002 




0.010 




0.16 


0.013 


0.0018 


0.0132 




Ca:0.0016 Pb:0.05 


0.018 


0.24 


0.07 


0.021 


0.0034 


0.0101 


0.0013 


SeiO.OU Te:0.03 
Zr: 0.004 Bi :0. 03 


0.012 


0.11 




0.018 


0.0037 


0.0145 




0.030 


0.12 




0.014 


0.0021 


0.0131 






0.244 


0.05 




0.020 


0.0010 


0.0050 






0.121 



[0025] The above-mentioned piece of a steel-materials blank test was started, and the machinability in 
the granularity and the following conditions of an electron discharge method side which carried out the 
powder electron discharge method on the hardness of a front face and a core and the following 
conditions was measured. The result is shown in the following table 2. A powder electron discharge 
method is an used equipment :EDNC8 5 S (product made from Range Milling cutter), D.F.=14% 
(Ton==1.5microsecond, Toff =9.0microsecond), and processing approach:high definition finish- 
machining non-jet, and add-in-material concentratiommuSC. lg [ 1. ] /, an electrode material: Cr [0026] 
The cutter with a diameter [ of a number of cutting teeth 14 and a quality-of-the-material cermet ] of 
315mm was used for machinability, it performed it in feed-rate 400 mm/min, peripheral-velocity 158 
m/min, and 3mm list of slitting by continuation cutting by the vertical milling machine on conditions 
without cutting oil, and measured cutting distance until wear of a cutting edge is set to 0.2mm. 
[0027] 

[Table 2] 

[x] ID=000003 



[0028] According to these results, at HV, surface hardness is 30-33 and the hardness of 408-437, and a 
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core is [ the example of this invention ] Rmax of the granularity of an electron discharge method side 
further in HRC. It was 4-9 micrometers, and machinability was 21910-22930mm. Although 
machinability is inferior as compared with the thing of the example of a comparison, since the abrasion 
loss of a cutter does not only become large and floor to floor time does not necessarily become long 
especially, the example of this invention does not become so much fault in the steel for plastic-molding 
metal mold. 

[0029] On the other hand, at HV, in HRC, surface hardness is 33 and the hardness of 415 and a core is 
[ the example 1 of a comparison with more S contents than this invention ] Rmax of the granularity of 
an electron discharge method side further. It was 21 micrometers and machinability was 23530mm. 
Although hardness is comparable as compared with the example of this invention and machinability was 
a little excellent, Rmax of the granularity of an electron discharge method side was 2.3 or more times. 
Furthermore, surface hardness is 400 in HV and the example 2 of a comparison with quite more S 
contents than this invention is Rmax of the granularity of an electron discharge method side further. It 
was 29 micrometers and machinability was 24690mm. Although hardness is a little low as compared 
with the example of this invention and machinability is excellent, it is Rmax of the granularity of an 
electron discharge method side. They were 3.2 or more times. Moreover, surface hardness is 477 in HV 
and the example 2 of a comparison with more S contents than this invention is Rmax of the granularity 
of an electron discharge method side further. It was 14 micrometers and machinability was 24550mm. 
Machinability was excellent although surface hardness was quite high as compared with the example of 
this invention. However, Rmax of the granularity of an electron discharge method side They were 1.5 or 
more times. 
[0030] 

[Effect of the Invention] The steel for plastic-molding metal mold which was excellent in the powder 
electron discharge method nature of this invention By having made it the above-mentioned 
configuration, it is Rmax about the granularity of the electron discharge method skin after a powder 
electron discharge method. While being able to make it 10 micrometers or less Since the polish time 
amount after a powder electron discharge method is shortened by the ability making small the rise of the 
hardness of an electron discharge method side etc., total metal mold manufacture time amount does so 
the outstanding effectiveness that it can be shortened from the conventional thing. 



[Translation done.] 
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